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Abstract 
The Thai Government has been trying to promote the utilization of renewable energy as another means to 
diversify energy sources. However, widespread diffusion of renewable resources has been obstructed by 
their high initial capital costs. The very small scale power producer (VSPP) programs were launched to 
support renewable electricity production from biogas, biomass, municipal solid waste, wind, solar, and 
other renewable energy sources. Among these renewable energy technologies, wind energy has great 
potential to meet the electricity needs as these could provide electricity in a cost effective way. The 
success of a project mainly depends on the proper selection of its site. To address this issue, a Geographic 
Information System (GIS) based method has been developed to select technically feasible sites of a given 
region.  A GIS database with data on wind speed, topography has been developed and applied for 
assessing the technical potential of the wind energy resource.  It also considers electricity demand, land 
use, local potential and constraints such as electricity network coverage, river, road etc and thus identifies 
suitable areas for installing wind energy systems.  The methodology was applied in Nakhonphanom 
province which located in the northeastern part of Thailand.  As the model and the results are based on 
GIS, it is easy for the planners and project developers to visualize the results.  In addition, it also shows 
the application of the method, clearly showing the applicability of the developed method using a suitable 
tool for assessing wind energy system. 
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1. Introduction 
 With the policy of the Thai government that allows the very small renewable energy power producers 
of solar, wind, microhydro, biomass and biogas generating power not more than 10 MW can sell 
electricity directly to the distribution utilities.  The renewable energy development strategies according to 
the power development plan have been implemented to fulfill the country’s development target with the 
increasing of renewable energy up to 8% in 2011 [1,2]. Electricity generation from wind energy is 
increasingly focused by electricity planners and policy makers as well as electricity consumers due to its 
significant benefits [3].  Wind electricity generation can be defined as supply option to meet energy needs 
from customers served by direct connecting to an electric distribution system.   
Although the distributed generation of wind energy resource is high potential for supplying electricity 
in Thailand [2,4], only a small portion of it has been exploited so far [2,5].  The amount of wind energy 
utilization in Thailand is not large.  The use of windmills for low lift water pumping is traditional near the 
coast in the provinces of Samut Songkhram, Chachoengsao and Chonburi [6].  Windmills at sites 
specially chosen with respect to the surrounding terrain could extract lots of energy from the wind.  There 
are many other places in Thailand where the same potential for the use of windmills exists.   
In order to make a distribution in the assistance for decision maker this study attempts to identify and 
analyze the suitable areas for wind electricity generation.  This can be illustrated by developing a 
methodology using Geographic Information System.  GIS is an innovative tool, which has many 
advantages: it takes into account the households’ location and the type of use, as well as being easy to 
make planning electrification [7].   
This paper describes the development of the method and details the output. In addition, it also shows 
the application of the method and compares the result with the actual site information, clearly showing the 
applicability of the developed method using a suitable tool for assessing wind technology.  The use of 
GIS as a site selection tool has focused to the identification of the suitable areas for wind energy system. 
The developed method introduced a set of sequential steps for the assessment of wind energy potential as 
technical aspect using the load demand of respective areas.  The developed model provides the tools to 
identify technically suitable areas for wind energy system and shows the areas in a map for clear 
understanding.   
The model aims to evaluate the suitable area for installation wind technology at Nakhonphanom 
province which located in the northeastern of Thailand.  In addition, the VSPP project has been launched 
for a solar farm in the study area since 2011 by Solar Power Company [8].  The prospect of wind energy 
system installation could be drawn as a shift to private market through the grid-connected application is 
envisaged in the coming decade.  
Nomenclature 
AW available area for installing wind turbine generator 
AC   total area of the location 
ARBf   buffer of road areas  
ARiBf buffer of river areas  
AF   area of forest 
AA area of agricultural land  
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2. Methodology 
The method evaluates electricity demand, technical potential of RE resources of a location and 
identifies the potential sites for installing wind energy system.  ArcView, a GIS software under Windows 
was used for the GIS works. 
2.1. Data requirement 
A large number of map and data are required for electrification project. Starting from the selection of 
the village and evaluate the energy demand at any site, a large number of topographical, administration 
data and maps have to repaired, analyzed. GIS could be a useful tool for handing such a large quantity of 
data and maps for arriving a decision regarding formulation of the electrification project.  The following 
types of data are required to develop the model: 
x Average electricity consumption of the region under consideration 
x Topographical data (population of region, number of households, solar radiation, and wind speed) 
x Spatial data (administrative area map, road network map, river network map, land use pattern map, 
existing and electricity grid network map) 
x Non-spatial data (discount rate, equipment cost, O&M cost, system life, fuel cost, and probable 
revenue) 
 
2.2. Method 
The first step of the method is to estimate the electricity demand of an area/location and to present it 
by GIS. The amount of electricity consumed by household, agriculture, industry, etc. is required to get a 
clear view of the total electricity demand of a location/region. From the data total electricity consumption 
per year is estimated. Population density of the location/region is also calculated. 
The technical potential resource is defined by the energy that can be produced using existing 
technology and is limited by commercially available wind turbines [9]. To find technical potential of the 
resource, it is assumed that the all available sitesb are fully covered by wind turbines. The suitable area is 
exclusive of at least the followings: 
(a) road and river areas including buffer area for both the forest and agricultural land 
(b) at least 2 km from the electricity grid line [10] 
(c) installation area for wind turbine was then set at 70% of the suitable area  
 
The information used for this study was taken from the Meteorological Department summarizing the 
surface wind observations at Nakhonphanom province which located in the north-east of the country for 
the period 2005 to 2009.  The wind speed and its direction as well as the height of the wind vane above 
the ground at the station are also given.   
The energy demand of the suitable locations where there is good wind energy resource potential was 
used to design the wind energy system. After determining the size of the system the net investment cost, 
net operation cost, revenues and overall cash flow was estimated.  Life cycle cost of the systems was 
 
b The available sites were determined by deducting the areas required for road, river, forest, infrastructures, agricultural land etc. 
from the total area of the sites. 
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calculated. The unit cost of electricity was calculated from the total annual cost including annual discount 
and O&M cost and total energy generated from the system. 
 
2.3. Technical potential of wind technology 
An administrative map showing the administrative boundary of the region is used as a platform of the 
GIS tools. This is the first layer of the GIS model. The second layer is the population density map. 
Population density data was added with the administrative area map and using ArcView the population 
density map was created.  
The electricity demand estimated was converted into dBASE IVc (DBF IV) file.  The electricity 
demand map was created from the results. This map is layer 3, which shows the electricity needs of the 
areas. 
The available area was estimated using ArcView software to find the technical resource potential of 
the location. Using equation (1) the available installation area for calculating the electricity production 
from wind energy was derived [11]: 
 
 ^ `        ^ `W C RBf RiBf F AA A A A A Aª º    ¬ ¼  (1) 
 
 The administrative boundary map, road network map, river network and land use and vegetation map 
were used as input data. Using the available area technical potential resource of wind energy was 
estimated. The results showed by map. A map was produced from these results showing the resource 
potential density of wind technology.  
 
3. Application of the model 
The model aims to assist in the identification of potential areas for decentralized rural electrification 
using GIS tools. It evaluates electricity demand, the technical and financial potential of wind energy 
resources of a location and identifies the suitable sites for installing wind energy system.  The method 
was applied to Nakhonphanom province located in the northeast of Thailand.   
The reasons for selecting this area for applying the model are as follows: 
x The study area seems to have some potential for harnessing the wind energy especially along the 
Mekong River. 
x Availability of data (i.e. the digital map, the metrological data and the electricity usage of study 
area). 
Fig. 1 shows the location of the study area which the total area of 5,512.7 km2. The latitude of the area 
is 17.24qN and longitude is 104.47qE. The average temperature of the area ranges from 10qC to 37qC.  
The wind speed ranges from 1 m/s to 6 m/s.  The distributions of wind direction are characterized by a 
mean direction and a parameter indicating constancy of direction. Fig. 2 shows the topographic map of 
Nakhonphanom province. The map shows the administrative boundary, river network, road network and 
settlement of the study area.  There are 12 districts in Nakhonphanom province.  Fig. 3 shows the 
population density of the study area.  At present, the total population is 699,364 and there are 183,952 
householdsd. The model has been applied for the whole province. 
 
c dBASE is widely used  in many applications needing a simple format to store structured data. 
d Data obtained from http://www.dopa.go.th/xstat/popstat.html (December 2009) 
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Nakhonphanom, Thailand
17.24ºN, 104.47ºE
 
Fig. 1. Location of the study area. 
 
Fig. 2. Topographic map of Nakhonphanom province. 
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Fig. 3. Population density of the study area. 
Data collection 
The data used for this application are: 
x Digital map of administrative boundary area,  
x Digital map of road and river, 
x Data of electricity consumption and population, 
x Technical characteristics of wind turbine, and 
x Yearly average wind speed in m/s. 
Load demand 
The electricity demand in each commune of Nakhonphanom province is built up from household 
sector. The household sector includes demand for lighting, cooling (fan), household appliances (iron, 
refrigerator, etc.) and entertainment (television, radio, etc.). The average household demand for different 
commune was estimated according to the survey carried out by PEA (2009) in Nakhonphanom province.  
Table 1 shows the usage pattern of electrical appliances in hours per day determining the household 
demand. The electricity consumption of commercial (small industry, handicraft and service), and public 
sector is categorized as non-household energy consumption (hospitals, schools, street lighting, etc.).  
 
Table 1. Electricity consumption per household. 
Appliance Description   
(W) 
Consumption  
(hrs/day) 
Consumption per household 
(kWh/year) 
Indoors lights 3x36 W bulbs  4 157.7 
Outdoor lights 2x18 W bulbs  4 52.6 
Television 1x110 W  3 120.5 
Floor fan  2x55 W  4 160.6 
Ceiling fan 1x53 W  2 38.7 
Refrigerator 1x60 W  24 525.6 
Iron 1x1000 W  0.33 120.5 
Miscellaneous 1x100 W  1 36.5 
   Et = 1212.7 
Source: PEA (2009) 
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The results obtained using the methodology was presented via an innovative map. Fig. 4 shows the 
electricity demand map of Nakhonphanom province. The maximum demand of electricity lies between 
36-110 GWh/year and the minimum energy demand is within 0-5 GWh/year as shown in the figure. From 
the map as shown in Fig. 4, the electricity demand scenario of the location can easily be understood. 
 
 
Fig. 4. Energy demand of the study area. 
 
The electricity consumption per household is 1212.7 kWh/year. In this study, only household loads 
were considered. Other big loads and the point loads like agricultural loads were not considered (because 
of time and data constraint). 
 
4. Site selection for installation wind energy systems 
The annual average wind speed of Nakhonphanom province is 3 m/s. As well as producing viewsheds 
the system also incorporates an option for site selection. There are many criteria that can be used as 
determinants for selecting sites that may be suitable for a new wind farm development. The relative 
importance of each is very dependent upon the viewpoint of the user, i.e. environmentalist, 
conservationist or developer. However, if the criteria themselves are subjective, then the limits associated 
with each are even more so.  For example, it may be obvious that a wind farm should not be too close to 
an airport, but what distance should the exclusion or buffer zone [12].  Masden et al. [13] and Baidya Roy 
[14] have summarized the environmental impacts of wind farms and suggest separation distances to 
minimize the impact on a number of land uses.  However, not all criteria can easily be catered for, since 
the local environment may determine criteria which are specific to a particular area. 
The GIS has been designed to be as flexible as possible, allowing the user to specify which criteria 
will be used for the site selection, and if included what buffer distance to use around each excluded 
feature. The system then generates a macro of ArcInfo commands which determine all the sites that meet 
these criteria.   
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For this study, the geographic area used is the whole area of Nakhonphanom province, Thailand.  
Several criteria such as road and river buffers have been considered to determine the suitable for 
installation of the wind technology.  These criteria and buffer distances are hypothetical and are only used 
for illustrative purposes.  Fig. 5 illustrates the road buffer map which 300 m buffer was created to exclude 
the road areas from the total area.  Fig. 6 shows the forest buffer map which 100 m buffer was created.   
 
 
Fig. 5. Road buffer map of the study area. 
 
 
Fig. 6. Forest buffer map of the study area. 
 
Fig. 7 shows the river buffer which 200 m buffer area was taken from the river to exclude the river 
areas from the total area and Fig. 8 shows the swamp buffer which 500 m buffer area was taken from the 
swamp to exclude the agricultural areas from the total area.  The wind speeds are generally greater in 
higher terrain, whilst the main population centers and tourist areas tend to be located along the Mekong 
River.  Fig. 9 shows the urban buffer which 500 m buffer area was taken for city expansion due to the 
increasing of population and the economic growth.   
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Fig. 7. River buffer map of the study area. 
 
 
 
Fig. 8. Swamp buffer map of the study area. 
 
 
168   N. Phuangpornpitak and S. Tia /  Energy Procedia  9 ( 2011 )  159 – 170 
 
Fig. 9. Urban buffer map of the study area. 
 
Fig. 10 shows the available areas to use the wind resource. It shows that all the areas of a location 
cannot be used to estimate the resource potential.  The available area was determined by deducting the 
areas required for road, river, forest, infrastructures and agricultural land from the total area of the 
locations. The available area for installing the wind technology has been calculated by consideringe the 
following: 
x Exclude area for road buffer of 300 m and river buffer of 200 m and agricultural lands,  
x Minimum allowable wind speed 4 m/s, and 
x Minimum distance from forest 100m and urban buffer of 500 m. 
 
 
 
Fig. 10. Available area for installing wind turbines. 
 
 
e The consideration values are subject to the choice of the user and local needs.  
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5. Conclusion 
Although Thailand has significant potential resources for distributed power generation, the 
development of renewable distributed generation faces several difficulties including the site selection for 
the potential areas.  This paper describes the detail steps of model development. The proposed method 
aims at the assessment of the electricity supply from wind energy based on the demand of electricity of a 
region and provides suitable options for choosing the best areas for wind energy project implementation.  
It introduces an integrated approach, which estimates the availability of wind energy resource that can be 
extracted from the area.  The GIS based approach in this study takes into accounts the local constraints 
and conditions such as land uses, road and river of the area. Though Nakhonphanom province located 
along the Mekong River where the wind is plentiful during January and February of the year, however the 
study indicates that it is not technically suitable to install wind farms.  It has the flexibility to improve the 
database on which decisions are based, with spatial data providing additional restriction or non-spatial 
data providing other technology alternatives. The procedure of using the model is also described that may 
help to use the model in any location and thus help to choose the best places for RE project 
implementation.   
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